Equine endometrosis is a multifactorial disease considered to be a one of the most important causes of equine infertility, especially in older mares. This article reviews the current knowledge of equine endometrosis: pathogenesis, diagnosis, and optional treatment. Also describes the histomorphological and immunohistochemical characterization of endometrosis as well as potential etiological factors which may influence disease progression. Unfortunately, the etiology and pathogenesis of endometrosis still remains unclear, and consequently no effective treatment has been proposed so far. Therefore future studies are needed for explanation of this disease.
Introduction
According to the scheme proposed by Troedsson (1999) , endometritis in mares is divided into: 1) sexually transmitted diseases, 2) chronic infectious endometritis, 3) persistent breeding-induced endometritis and 4) chronic degenerative endometritis (endometrosis) . This paper will be devoted to the last of the above-mentioned diseases, to which more attention has been drawn recently, shedding new light on its pathogenesis. Proposed therapeutic methods will be also discussed in this paper. Table 1 . Types of endometrosis and histopathological view of endometrium (Lehmann et al. 2011 ).
Types of endometrosis
Histopathological changes in the endometrium active glands with several disordered fibrotic stromal cells showing a metabolically active differentiation with medium to large, ovoid hypochromatous nuclei and a pale cytoplasm inactive glandular nest with periglandular stromal cells showing a metabolically inactive differenNondestructive tiation, characterized by spindle shaped, hyperchromatous nuclei and an elongated cytoplasm mixed glands with periglandular stromal cells showing both 50% metabolically active and 50% inactive differentiation active glands surrounded by metabolically active stromal cells, in addition to the disordered appearance of different layers, the fibrotic stromal cells are invasive and they penetrate the lumen of the gland; different degenerated epithelial cells are visible Destructive inactive glands with metabolically inactive fibrotic stromal cells which lie parallely arranged to the axis of the adjacent gland, multifocal destruction of single epithelial cells and congestion of the uterine secretions in the lumina are visible mixed glands surrounded by active and inactive periglandular stromal cells which penetrate the glandular epithelia cess may affect single glands and/or glandular nests (Kenney 1978) . The degree of endometrosis in mares increases with age; however, it is thought that this is not connected with the number of foalings (Ricketts and Alonso 1991 , Kenney 1993 , Hoffmann et al. 2009b , Aresu et al. 2012 . Endometrosis is one of the causes of infertility in mares. Structural changes in the endometrium include the occurrence of progressive focal proliferation of the uterine glands, which are concentrated in the glandular nests encircled by more and more numerous layers of fibrous tissue as the process progresses. Inside the nests, glandular cysts occur, whereas the number of normal endometrial glands decreases. Stromal fibrosis is a dominating disease process, which results in disturbance of lymph circulation, as a result of which lymphatic extension occurs (Katkiewicz et al. 2007 ). Based on the morphology of the periglandular stromal cells, the fibrosis can be divided into different types, which can be classified as either destructive or non-destructive, with biopsies displaying more than 75% of the fibrotic foci of one of these groups being termed "active" or "inactive" fibrosis respectively. Biopsy with approximately equal ratios of active and inactive periglandular stromal cells are termed "mixed" endometrosis (Table 1) (Lehmann et al. 2011) . In all of the above-mentioned types, single uterine glands and/or glandular nests may be affected by the process (Hoffmann et al. 2009b ). Additionally, we can determine the degree of endometrosis describing it from mild to severe (Kenney and Doig 1986, Hoffmann et al. 2009b) . In severe endometrosis a significantly higher incidence of glandular nest development was observed. Furthermore, a significant association of inactive endometrosis and cystic dilatation of the affected glands could be seen. However, within active non-destructive endometrosis, an asynchronous cycle, in particular irregular differentiation of the affected glandular epithelia, was most pronounced (Hoffmann et al. 2009b ).
Pathogenesis
Atypical morphological and functional differentiation of periglandular endometrial stromal cells are the first sign of endometrosis. The first stage of fibrosis is characterised by large, polygonal periglandular stromal cells which synthesize collagen fibres, whereas in advanced fibrosis metabolic active or inactive stromal cells, without signs of collagen synthesis, as well as myofibroblasts, predominate (Walter et al. 2001 , Hoffmann et al. 2009a . Periglandular fibrosis in endometrial tissue is not characterized by an increased incidence of collagen fibres, but by periglandularly arranged fibroblasts in one or more layers, which produce the extracellular matrix proteins collagen IV, laminin, and fibronectin. In addition, these fibroblasts express h-smooth muscle actin, tropomyosin and occasionally desmin, which confirms their differentiation into myofibroblasts. It remains to be elucidated whether the above-mentioned differentiation has further consequences on the uterine gland epithelium or the stromal cells, as has been shown for various pathological processes (Walter et al. 2001) .
During the fibrosis process, the stromal cells of the basal lamina are capable of collecting collagen under the influence of different stimulating factors. The collection of collagen occurs most often around the glands or in connection with the basement membrane of the luminal epithelium (Kenney and Doig 1986) . Fibrosis occurs most often without the presence of inflammatory cells (Kenney 1978) . The first evidence of impending deposition of collagen is the loss of randomization of stromal cells (and their nuclei) in the stratum compactum and stratum spongiosum, particularly visible around the glands. The advancement of fibrosis may be evaluated by the degree (the number of periglandular layers) and frequency (the number of fibrotic foci per linear field) (Kenney and Doig 1986) . From one to three layers of perigrandular fibrosis is considered to be a slight reaction, from four to ten -a moderate reaction, and more than ten layers indicate a severe degree of fibrosis (Kenney 1978) .
Potential etiological factors which may affect development of the disease are morphological and immunohistochemical changes of the endometrium, which occur in endometrosis (Table 1) (Hoffmann et al. 2009b , Lehmann et al. 2011 ). In the unaffected endometrium, cyclical and seasonal endocrine changes result in cycle-synchronous morphological alterations to epithelial and stromal cells. With regard to the morphology of the periglandular stromal cells within the fibrotic foci of the endometrosis an active and inactive differentiation can be distinguished (Hoffmann et al. 2009b , Lehmann et al. 2011 . However, in contrast to the unaltered stromal cells, neither seasonal nor cyclic endocrine changes seem to have a significant influence on the activity of the fibrotic stromal cells (Hoffmann et al. 2009b ). Hoffmann et al. (2009b) showed that, in the biopsy material collected during the breeding/non-breeding season or on defined days during the oestrous cycle, both seasonal and cycle-associated endocrinological changes do not determine the activity of stromal cells.
In explaining the connection between endometritis and endometrosis, both the impact of the endometritis on further development of degenerative changes in the endometrium and the process of activation of inactive fibrotic foci were taken into account, and predispositions for the occurrence of endometritis in a mare with endometrosis were examined (Lee et al. 2001 , Atamas 2002 , Keller et al. 2006 , Hoffmann et al. 2009b . A higher frequency of endometritis in a mare with a destructive type of endometrosis was described (Hoffmann et al. 2009b) , which indicates an important role of uterine glands in the physiological clearance of the endometrium, and disturbance of this function may cause endometritis (Hoffmann et al. 2009b) . It was also shown that mares with a higher biopsy grade more frequently retain fluid in the uterus after insemination (Woodward et al. 2012) . It is suggested that temporary activation of fibrotic stromal cells, which could be observed as a result of experimentally induced bacterial endometritis, is presumably caused by profibrotic growth factors and cytokines released from inflammatory cells (Lee et al. 2001 , Atamas 2002 , Hoffmann et al. 2009b ). However, it was shown that inflammation is poorly correlated with grade of endometrosis, and bacterial infection does not increase intensification of this disease (Keller et al. 2006 , Aresu et al. 2012 . Additionally, in mares experimentally infected with Streptococcus equi subsp. Zooepidemicus, the degree of endometrosis did not change during the 2-year period of the observation (Hoffmann et al. 2009b) . Recently it was shown that intrauterine enrofloxacin infusion in mares induced severe acute uterine mucosal necrosis, inflammation, and a significant increase in endometrial fibrosis (Rodriguez et al. 2012) .
Among other changes in the mare endometrium, a negative correlation between mild endometrosis and changes in vessels of severe angiosclerosis type was also observed, yet such a correlation between endometrosis and inflammation of the perivascular sheath and surrounding tissue (perivasculitis) was not noted (Hoffmann et al. 2009b) . It was observed that a large percentage of both barren and foaling mares show angiosclerosis; however, this does not have an impact on the degree of endometrosis (Lehmann et al. 2011 ).
An immunohistochemical study showed that stromal maldifferentiation which could be seen in all fibrotic foci is independent of the degree of endometrosis, and that the cells show a lower expression of steroid hormone receptors compared to unchanged stromal cells (Hoffmann et al. 2009b ). Moreover, metabolically inactive stromal cells exhibited a decreased proliferation activity as compared to the unaltered endometrium, whereas no differences could be observed within active fibrotic foci (Hoffmann et al. 2009b) . A considerable reduction of estrogen and progesterone receptor expression of fibrotic stromal cells as compared to the normal stroma is one of the hallmarks of endometrosis (Hoffmann et al. 2009b ). This reduction indicates advanced changes in the stromal cells within a fibrotic focus, which lead to the loss of specialization in the cell structure and function. As a result, fibrotic stromal cells are unable to react to cyclic endocrine changes and become independent of hormonal control mechanisms in the uterus (Hoffmann et al. 2009b) .
Maldifferentiation of the epithelial cells of the uterine glands within fibrotic foci was also characterized by a distinct variability in glandular steroid hormone receptor expression. In active endometrosis, an increase in expression of estrogen and progesterone receptors dominates, as compared to the unchanged glands, whereas glandular epithelia in inactive endometrosis show a decrease in expression of the above-mentioned receptors (Hoffmann et al. 2009b ). Moreover, the concentrations of steroid receptors in the destructive type of endometrosis are also lower. A mild increase in expression of estrogen and progesterone epithelial receptors was observed in active non-destructive fibrotic foci, whereas in the other types of endometrosis, a decrease in expression of the above-mentioned receptors was visible. This phenomenon can be explained by paracrine mechanisms because the effect of the impact of steroid hormones on the glandular epithelium is physiologically mediated by the adjacent stromal cells (Cooke et al. 1997 , Kurita et al. 1998 , Pierro et al. 2001 . These cells are maldifferentiated in endometrosis and presumably release other paracrine signals. Therefore, the asynchronous cycle differentiation of the affected glands is, initially, most likely the consequence of maldifferentiation of the stroma, and the decreased expression of steroid hormone receptors is likely to be caused by distinct degeneration of the epithelial cells. Another possible explanation of the asynchronous cycle differentiation of glandular epithelia within fibrotic foci is the severe damage of the basal lamina connected with altered expression of laminin. All of the stromal cells of fibrotic foci, in particular in active destructive fibrosis, show intracellular laminin expression (Hoffmann et al. 2009b) . Only an intact basal lamina is able to ensure complex paracrine interaction between the epithelia and the underlying stroma (Lin and Bissel 1993, Arnold et al. 2001) , which inhibits direct stromal-epithelial contacts as well as an interaction between epithelial cell surface integrins and the fibrotic extracellular matrix. Furthermore, large discontinuities of the glandular basal lamina were determined predominantly in destructive endometrosis. Fibrosis activity visibly affects the expression of estrogen receptors; however, it does not have an influence on the concentration of intermediate filaments in the glandular epithelium, although in the destructive type of endometrosis the expression of filaments increases considerably compared to the non-destructive type (Hoffmann et al. 2009b) .
The immunohistochemical study of stromal cells indicates that distinct variability in all types of endometrosis regards coexpression of vimentin and desmin intermediate filaments as well as h-actin in myofilaments. The stromal cells in destructive endometrosis, in particular in active destructive endometrosis, tended to express more h-actin. In addition, in the latter type of endometrosis, expression of laminins in the stromal cells is greater (Hoffmann et al. 2009b) .
The immunohistochemical study of extracellular matrix in fibrotic foci indicated the presence of more expression of proteoglycans and fibronectin in the destructive type of endometrosis, in particular in severe active endometrosis, compared to other types (Hoffmann et al. 2009b ). Therefore, the observed accumulation of proteoglycans and fibronectin is probably due to an increased number of secretively active myofibroblasts (Hoffmann et al. 2009b ).
Summing up, partial thinning of a fragment of the basal lamina initiates changeability and activity of the glandular epithelium (Fig. 1) . A few etiological factors may cause this process e.g. a periglandular localised endometritis, a local deficiency of oxygen caused by severe angiosclerosis, wound healing processes following mechanical damage, and disorders regarding physiological regeneration of the basal lamina. However, only the intact basal lamina is able to suppress activation of epithelial cells and synthesis of profibrotic growth factors (Streuli et al. 1993) . Endometritis which occurs simultaneously with endometrosis causes activation of the metabolism of fibrotic stromal cells. In contrast with the above, cyclical and seasonal endocrine changes seem to have no affect on the disease process. Further studies are necessary to determine the factors which are able to maintain active fibrosis. The progressive nature of the disease is likely to be attributed to an increase in the number of myofibroblasts leading to the damage of uterine glands in the final stage of fibrosis. On the other hand, the ability of these cells to release enzymes which regulate matrix homeostasis may contribute to progressive damage of the basal lamina and may lead to the collection of extracellular matrix, which in turn causes maintenance of the fibrosis process (Ramos et al. 2001 ). For the development of metabolically inactive fibrosis, etiological factors are particularly interesting, although they have not yet been determined. The contractibility of myofibroblasts and their arrangement parallel to the adjacent glands improves the ability of the fibrotic tissue to contract. Mechanical stress may explain cystic expansion of the glands and focal damage of the epithelium, which occurs more often in this type of endometrosis. It is assumed that activation of inactive fibrosis may occur at any time during endometritis and, probably, via other, still unknown, factors (Hoffmann et al. 2009b) .
Diagnosis
Most degenerative changes typical for endometrosis can be diagnosed only through the histological evaluation of an endometrial biopsy (Kenney 1978 , Kenney and Doig 1986 , Ricketts and Alonso 1991 , Ricketts and Barrelet 1997 , Katkiewicz et al. 2007 , Zajac et al. 2008 , Schlafer 2009 , Snider et al. 2011 , Aresu et al. 2012 . Endometrial biopsy has been a standard procedure for evaluation of the health of the mare's uterus for more than 40 years. It is a safe, practical and very useful method (Kenney 1978, Ricketts and Barrelet 1997) . Nevertheless, it should be noted that some researchers draw the conclusion that collection of an endometrial specimen from one uterine portion does not necessarily reflect the state of its remaining areas, as significant differences were observed regarding both the size of a fibrosis area and the grade of endometrosis in a biopsy collected from the same mare yet from different portions of its uterus. In more than half of the mares variation in the endometrial grade in biopsies collected from different uterine portions was revealed (Fiala et al. 2010) . Keller et al. (2006) also observed that a single biopsy does not represent the whole endometrium in the diagnostics of degenerative changes. However, according to the other researchers, a single biopsy reflects very well the condition of the whole uterus if the biopsy material has proper size and shape, and it is prepared and evaluated in the appropriate way (Kenney 1978, Kenney and Doig 1986) .
The purpose of performing the biopsy is to detect changes in the endometrium and to determine the fertility potential of the mare. The biopsy should be taken from barren mares, "repeat breeder" mares, from mares showing anoestrus during the breeding season, and from mares with a pathologic content of the uterus (Kenney and Doig 1986 , Schlafer 2007 , Snider et al. 2011 . Another group consists of mares with a history of early embryonic or foetal death, mares with poor perineal conformation before surgical correction, and recipient mares in the embryotransfer programme. Pregnancy is the only known contraindication for the performance of the biopsy (Kenney and Doig 1986 , Schlafer 2007 , Snider et al. 2011 .
In the image of the uterine wall, seven components can be distinguished: the uterine lumen, endometrial epithelial interface, superficial stroma (stratum compactum), the glands and the glandular epithelium, the stroma -the mid and deep endometrium (stratum spongiosum), vessels (arteries, veins and lymphatics), myometrium and larger vessels. An assessment of these components helps the pathophysiology of the uterine wall to be determined. Apart from microscopic examination of the biopsy material, immunohistochemical examination can be also performed (Schlafer 2007) .
Evaluation of the degree of endometrial fibrosis is essential as, in contrast to the inflammatory changes, fibrosis is of a permanent nature and, if it is intense, it becomes the main factor that reduces the reproductive performance of the mare (Kenney and Doig 1986) . Depending on the degree of intensification of structural changes in the endometrium, Kenney and Doig (1986) divided endometrosis into four categories (Table 2) . Inflammation, fibrosis, lymphatic system and atrophic changes may coexist, and the more changes occur and the more advanced they are, the higher the category is. For example, an occurrence of inflammatory changes or fibrosis signifies category IIA; however, if they occur simultaneously, it will signify category IIB. If the inflammatory condition is eliminated, the endometrium may return to category IIA. Moreover, if inflammatory Endometrosis -significance for horse reproduction... Table 2 . Standard classification system for histologic changes in the endometrium (Kenney and Doig 1986) .
Percentage of altered glands Category
Structural changes in the endometrium I Healthy mares; no pathologic changes or any existing changes (such as inflammation or fibrosis) are slight and sparsely scattered -IIA A small degree of stromal fibrosis around the individual gland branches; a lack of glandular nests in 4 adjacent fields; slight to moderate inflammatory changes, lymphatic lacunae occurs; partial endometrial atrophy
10-35%
IIB Fibrotic changes are more severe and extensive than in IIA; an average of 2-4 fibrotic nests of glands, usually with 2-4 layers in 4 adjacent fields; inflammatory and lymphatic changes are widespread, diffuse and moderately severe
35-60%
III Widespread, diffuse, severe inflammatory changes; widespread fibrosis of gland branches of 5 or more fibrotic nests; severe lymphatic lacunae > 60% Table 3 . Expected foaling rates of mares according to categorization of endometrium (Kenney and Doig 1986) . changes, fibrosis, and lymphatic changes coexist, the endometrium belongs to category III. The more changes occur in the endometrium, the worse the prognosis of pregnancy and maintenance of pregnancy is (Table 3 ) (Kenney and Doig 1986) . The lymphatic lacunae observed in the biopsy are derived from dilated lymphatic vessels and can occur in the lamina propria or core of the endometrium folds singly or in clusters and they can be focal or diffuse. When single lacunae are joined and expand, they become endometrial cysts, which achieve a size of even up to a few centimetres in diameter (Kenney 1978, Kenney and Doig 1986) . Large uterine cysts may disturb embryo mobility, and consequently the process of maternal recognition of pregnancy (Kenney 1978) .
Cyst-like expanded glands are often noticed within the fibrotic nests. This phenomenon can be also observed during the seasonal atrophy; however, in that case, there is a thick secretion inside. Cystic distention without fibrosis and without inspissation also occurs during the physiological breeding season. When the above-mentioned changes are intensified to a great extent, they seem to have a negative impact on reproduction (Kenney 1978, Kenney and Doig 1986) .
In about 30% of cases of fibrosis, acute and/or chronic inflammation is observed (Ricketts and Barrelet 1997) . Then, in the biopsy, inflammatory cells (mainly lymphocytes and neutrophils, and a lower number of eosinophils and mastocytes which are concentrated around the glandular nests and vessels, and dispersed within the stroma) are observed (Kenney 1978 , Zajac et al. 2008 , Aresu et al. 2012 ).
Impact of endometrosis on fertility
Fertility impairment is the main problem connected with endometrosis, and therefore Lehmann et al. (2011) decided to use histopathological and immunocytochemical examination of the endometrium in order to determine reproductive abilities in fertile and barren mares. They showed abnormal secretion of the endometrial glands during endometrosis. In the barren mares, there was lower expression of proteins: uteroglobin and uterocalin were detected in the fibrosis areas, especially in those mares which suffered from moderate destructive endometrosis. Uterocalins take part in the supply of proteins to the embryo (Crossett et al. 1998 ) and deficiency of this protein can contribute to early embryonic death (Lehmann et al. 2011) , whereas deficiency of uteroglobins may lead to inhibition of the embryo protection against a maternal immune response which results in pregnancy loss (Zhang et al. 2000) . In the destructive type of endometrosis, both quantity expression and quality expression of endometrial proteins are decreased (Hoffmann 2009a) . In research into the fertility of mares suffering from endometrosis, Lehmann et al. (2011) showed that mild non-destructive endometrosis dominates in fertile mares, whereas most barren mares show a moderate degree of endometrosis. In addition, destructive changes in the fibrotic foci are observed in most barren mares. Thus, barren mares much more often suffer from moderate destructive endometrosis compared to fertile mares. It seems that whether fibrosis is active or inactive does not affect fertility. Recently, Szostek et al. (2012) showed that changes in mRNA transcription of prostaglandin synthases and prostaglandin production which occur in the equine endometrium during the course of fibrosis may lead to early embryonic death.
Treatment
It is difficult to provide satisfactory treatment for endometrosis. It is commonly thought that changes caused by this disease are irreversible (Kenney and Doig 1986) . For its treatment, mechanical curettage or chemical agents (kerosene, DMSO, isotonic salt) can be applied (Keller et al. 2006) .
On the proceedings of J.P. Hughes international workshop on equine endometritis different therapeutic methods were presented and summarised by Allen (1993) . For example, one of the authors analyzed the effect of physical curettage applied to mares with various degrees of endometrosis, leading to hyperaemia and mild acute endometritis, combined with intrauterine administration of antibiotics to prevent infection. After treatment they noticed improvement in endometrial biopsy grade in 44% of mares, in 51% of mares there was no effect, and in 5% of mares it was worse. Additionally, there was no significant effect on the fertility rates. It was also showed that irrigating the uterus with 250-500 ml of kerosene, which causes uterine oedema lasting for 1-2 days and results in expulsion of retained excretions from the uterine glands, is able to improve fertility rates. The best results were obtained when mares were mated during the first oestrus after treatment. Other research, in which kerosene was also used, showed that the application of this therapy brings rather a short-term effect, as half of the mares which were pregnant after treatment with kerosene miscarried later (Allen 1993) . On the other hand, Ley et al. (1989) studied the effect of intrauterine administration of 10-30% DMSO in sterile saline solution, compared to the control group i.e. mares treated with sterile saline solution alone. This therapy was carried out during oestrus for five consecutive days. No negative changes were found in the endometrium after any treatment protocols. It was shown that 30% DMSO solution caused a reduction of inflammation and/or a reduction of periglandular fibrosis. However, no significant difference was found in pregnancy rates between mares treated with 30% DMSO solution and mares treated with saline solution alone, although a growing tendency was observed following DMSO therapy. Furthermore, Griffin and Bennet (2002) observed an improvement of fertility following photoablation of endometrial cysts in barren mares.
Conclusion
Continuous progress and modern laboratory methods enable a more in-depth analysis of changes in the process of endometrosis, and they also make it possible to understand accurate genesis and show the impact of different factors on the development and progression of degenerative changes in the mare's uterus. However, further studies are still needed to explain the etiology of endometrosis process initiation, and the improvement of knowledge concerning etiology and pathogenesis of endometrosis will enable the development of both prevention and more effective treatment of this disease.
